Abstract X-ray small angle scattering patterns of solutions and gels of native chicken erythrocyte chromatin and chromatin depleted of H5 histonea have been measured under several ionic conditions using synchrotron radiation. Features of the patterns are interpreted as resulting from a superstructure with an outer diameter of about 300A which is already present In uncondensed nucleofilanents. This superstructure which is shown to be maintained by the H5 histones also explains the rapid condensation of the nucleofilaoenta in higher ionic strengths.
A variety of structural techniques such as electron microscopy, neutron and X-ray scattering, but particularly crystallography have yielded the structure of the nucleosoae (4-6) . The overall morphology of which resenbles a flattened disc or wedge of about llnm in diameter and 5.7nm in height, with about 1.8 turns of DNA wrapped around Its periphery and the protein components filling the inside.
While the structure of the nucleosome has been determined to a high degree of accuracy, the details of the arrangement of nucleosomes in the chromatin fibres remains largely undetermined although many studies have been reported in the literature (7) .
We have conducted a study of the superstructure of chicken erythrocyte chromatin by synchrotron radiation low angle X-ray scattering. Given the maximum dimensions of the nucleosomes one might expect that features in the X-ray scattering vector regions between 0.01 and 0.1nm**-l (where the scattering vector is defined as 8 -2 sin8/X, 26 scattering angle and X the ©IRL Press Limited, Oxford, England.wavelength) must be principally associated with the superstructure of the chroraatin fibres.
This range of scattering angles is normally inaccessible using conventional X-ray generators but suitable X-ray optics and data acquisition systems (8) on synchrotron radiation sources, which have a considerably higher brilliance, enable this type of measurements.
The results presented below provide evidence of the existence of a welldefined superstructure in the nucleofllaments in low salt conditions in the presence of EDTA. This superstructure already displays some of the structural features exhibited by the condensed "300A" fibres which are known to exist in the presence of cations. Further, experiments on H5-depleted material indicate that this three dimensional organization of the nucleofilament is maintained by the lysine rich histories.
MATERIALS AND METHODS

Preparation of chromatln fragments
Long chromatln fragments were prepared by mild microccocal nuclease (Sigma) digestion of chicken erythrocyte nuclei (9, 10) . The soluble chromatin fragments were extensively dialysed against 5mM Tris, lmM EDTA, 0.2mM PMSF pH7.5. This material was diluted to 5mg DNA/ml in dialysis buffer and used as the starting sample for the X-ray scattering measurements.
Depletions of H5 hlstone
Chromatin fragments were depleted of H5 hlstone using Bio Rad AG50W x2 cation exchange resin in 0.65 M NaCl, lOmM Tris, lmM EDTA, 0.2mM PMSF pH7.5 (11) .
After extensive dialysis of the resulting H5 depleted chromatin against 5mM
Tris, lmM EDTA, 0.2mM PMSF pH7.5 this material was concentrated to 3-5mg DNA/ml by forced dialysis against the same low ionic strength buffer using a Sartorius menbrane device.
Preparation of chromatin and E5 depleted chromatln gels Chromatin gels were prepared by concentrating chromatin solutions by forced dialysis using Sartorius membranes. This process was thought to be milder than centrifugation for the preservation of loose structures. histones.
The size distribution of the chromatin fragements was determined by analysis of their DNA in 18Z agarose gels (13) calibrated with a mixture of lambda DNA, lambda Hind III and lambda Hind III + Eco RI restriction fragments (14) .
The DNA from the "native" and from the chromatin depleted of the very lysine rich histone showed a size distribution peaking at 120 nucleosome equivalents, with dispersivity ranging between 10 to 250 nucleosome equivalents. Since dilute solutions were used to record the scattering patterns and the maximum dimensions of the nucleosome are 11.0x11.0x5.7nm (25, 26 ) the possibility that the maximum at s-0.05nm~l is due to the internal structure of the nucleosome or to an interference between nucleofllaments can be ruled out. This has been verified in a series of experiments performed at different chromatin concentrations at low ionic strength. We conclude that the diffraction ring at s-0.05nm-l is due to a persistent internucleosomal spacing in the uncondensed nucleofilament distributed around an average value of approximately 20nm. This internucleosomal spacing disappears upon condensation.
RESULTS AND DISCUSSION
In an attempt to confirm the origin of this reflection a variety of experiments was performed among which two proved more revealing, namely the study of the evolution of the scattering patterns at increasing chromatin concentrations and of the scattering patterns from chromatin preparations depleted of the lysine-rich histones.
An example of results for the first type of experiment is illustrated in figure 2 . When the concentration of chromatin in low Ionic strength solu- 
